New tetrasubstituted at the lower rim thiacalix [4] arenes containing both (ethoxycarbonyl) 2-bromo-N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl) 2-бром-N-(9',10'-диоксо-9',10'-дигидроантрацен-1'-ил)ацетамидом наблюдается «темплатный» эффект катиона металла. Изучены флуоресцентные свойства полученных соединений.
Introduction
The development of new fluorescent probescompounds that change the fluorescence when they are attached by a specific molecule -makes it possible to study in detail the chemical composition of living cells and even organisms, and its change in time and space. [1, 2] Analytical methods based on fluorescence are widely used in clinical chemistry and molecular diagnostics. In particular, sensitive methods for rapid analysis of steroid hormones, porphyrins, catecholamines and metabolites of drugs and other diagnostically important chemicals in the urine and blood plasma have been developed and introduced. [3] The methods of fluorescent diagnostics in vivo are actively developed. [4, 5] In particular, the fluorescent probes have been created that selectively stained malignant tumors and help identify them during endoscopic diagnostic procedure or tomography. [6] Thus, the creation of fluorescent sensors is an actual problem of organic chemistry, as they are widely used in analytical chemistry, clinical biochemistry, medicine, environmental protection, in various applications of biological and biomedical research. [7] Thiacalixarenes are favorable building platform for the construction of such systems because of their unique three-dimensional structure as well as simplicity of functionalization of the macrocyclic platform [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and possibility of existence of different conformational isomers (cone, partial cone, 1,2-alternate, and 1,3-alternate).
1-Amidoanthraquinone fragment contains a polar NH group and a fluorophore moiety necessary for the detection of complex formation using fluorescence spectroscopy. The interaction of the carbonyl group of (ethoxycarbonyl) methoxy fragment (-OCH 2 C(O)OEt) with alkali metal cations allows to realize the template effect in the synthesis of thiacalixarene stereoisomers. It is also well known that this fragment is used in macrocyclic compounds for creation of effective receptors of the metal cations. [20] Therefore, sequential functionalization of the lower rim of p-tertbutylthiacalix [4] arene by (ethoxycarbonyl)methoxy and fluorescent 1-amidoanthraquinone fragments was considered to be interesting for the design of fluorescent sensors. Also, synthesis of tetrasubstituted derivatives in three conformations cone, partial cone, 1,3-alternate, as potential fluorescent sensors was the aim of this work.
Experimental
General 1 H NMR spectra were recorded on 300 MHz Varian XL-300 spectrometer, 13 C and 2D NOESY 1 H-1 H NMR spectra -on Bruker Avance II instrument with 125 MHz and 500 MHz respectively. Chemical shifts were determined relatively to the signals of residual protons of deuterated solvent (CDCl 3 ). The concentration of sample solutions was 3 -5 %.
IR spectra (nujol) were recorded with Tensor 27 (Bruker) Fourier spectrometer.
Mass spectra were recorded with MALDI-TOF Dynamo Finnigan. 5-Nitroquinolin-8-ol was used as the matrix.
Melting points were determined using the Boetius Block apparatus.
Elemental analysis was performed with Perkin-Elmer 2400 Series II instruments.
Fluorescence spectra were recorded on a Fluorolog 3 luminescent spectrometer (Horiba Jobin Yvon). The excitation wavelengths were selected as 410 nm, the emission scan range was 430 -700 nm. Excitation and emission slits were chosen as 6 nm. Quartz cuvettes with optical path length of 10 mm were used. Correcting of emission spectra was carried out automatically (by "Fluoressence" program). A solutions of thiacalix [4] [4] arene (1) was synthesized as previously described procedure [20] , mp 269 °C. [4] arene (1) (0.90 g, 1.01 mmol), an anhydrous sodium carbonate (0.43 g, 4.04 mmol) and 2-bromo-N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)acetamide (1.39 g, 4.04 mmol) in 60 ml of dry acetone was refluxed for 60 hours. After cooling, the solid residue from the reaction mixture was removed by filtration, dissolved in chloroform and washed with distilled water. The organic layer was dried over molecular sieves, filtered and evaporated under reduced pressure. Crystallization of the resulting orange solid from ethanolchloroform mixture gave pure tetrasubstituted derivative 2 in cone conformation (the yield was calculated based on recovered initial compound 1). The filtrate of reaction mixture was evaporated under reduced pressure. The residue was washed with 20 ml of ethanol and initial thiacalixarene 1 was formed, which was dried in vacuo over P 2 O 5 , in 0.30 g weight. The yield of product 2 is 0.54 g (57 %). 
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5,11,17,23-Tetra-tert-butyl-25,27-di[(ethoxycarbonyl) methoxy]-26,28-bis[N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)-aminocarbonylmethoxy]-2,8,14,20-tetrathiacalix[4]arene (partial cone-3).
The mixture of 5,11,17,23-tetra-tert-butyl-25,27-dihydroxy-26,28-di[(ethoxycarbonyl)methoxy]-2,8,14,20-tetrathiacalix [4] arene (1) (0.90 g, 1.01 mmol), an anhydrous potassium carbonate (0.56 g, 4.04 mmol) and 2-bromo-N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)acetamide (1.39 g, 4.04 mmol) in 60 ml of dry acetone was refluxed for 25 hours. After cooling, the solid residue from the reaction mixture was removed by filtration, dissolved in chloroform and washed with distilled water. The organic layer was dried over molecular sieves, filtered and evaporated under reduced pressure. Crystallization of the resulting orange solid from methanol-chloroform mixture gave pure tetrasubstituted derivative 2 in cone conformation in 0.35 g (28 %) weight. Mp: 239 °C. The filtrate of reaction mixture was evaporated under reduced pressure. The residue was washed with 20 ml of ethanol and the solid was formed, which was recrystallized from methanol-chloroform mixture. Thiacalix [4] [4] arene (1) (1.00 g, 1.12 mmol), an anhydrous cesium carbonate (1.46 g, 4.48 mmol) and 2-bromo-N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)acetamide (1.54 g, 4.48 mmol) in 60 ml of dry acetone was refluxed for 12 hours. After cooling, the solid residue from the reaction mixture was removed by filtration, dissolved in chloroform and washed with distilled water. The organic layer was dried over molecular sieves, filtered and evaporated under reduced pressure. Crystallization of the resulting brown solid from methanol-chloroform mixture gave pure tetrasubstituted at the lower rim thiacalix [4] 
Results and Discussion

Synthesis
The obtaining of differently substituted at the lower rim derivatives in the case of thia analogue of calix [4] arene is challenging, because it requires comprehensive selection of the reaction conditions (ratio of reactants, temperature, and synthesis duration). [21, 22] Due to the successful selective 1,3-dialkylation of the lower rim of p-tert-butylthiacalix [4] arene by ethyl bromoacetate [20] to create differently substituted synthetic receptors the interest was further functionalization of the macrocycle 1 by N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)acetamide fragment containing the polar NH group. It is known that this fragment used in the so-called OFF-ON photoswitchable receptors that allow to prepare fluorescent sensors based on it. [23] In this regard, it was proposed to introduce in thiacalixarene 1 substituents containing 1-amidoanthraquinone fragment by alkylation of the free phenolic hydroxyls and see whether the template effect of alkali metal is realized in the synthesis of different stereoisomers.
The interaction of macrocycle 1 with 2-bromo-N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)acetamide in the presence of metal carbonates (M 2 CO 3 , M=Na, K, Cs) in acetone was studied. From the reaction mixtures three stereoisomers of tetrasubstituted at the lower rim p-tert-butylthiacalix [4] arene in the conformations of cone 2, partial cone 3 and 1,3-alternate 4 were isolated. It should be noted that depending on the nature of the alkali metal cation (sodium, potassium or cesium carbonate) in the alkylation of diester 1 by 2-bromo-N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)acetamide the template effect of metal cation is observed. Thus, using a sodium carbonate tetrasubstituted product 2 in cone conformation, using a potassium carbonate -a mixture of tetrasubstituted stereoisomers 2 and 3 in conformations cone and partial cone, respectively, and using cesium carbonate -stereoisomer 4 in 1,3-alternate conformation are formed (Scheme 1).
The obtained compounds 2-4 were characterized by NMR 1 H, 13 C, 2D NOESY, IR spectroscopy, mass spectrometry (MALDI-TOF), and their composition was confirmed by elemental analysis.
In the The spatial structure of compounds 2-4 was studied by two-dimensional NMR 1 H-1 H NOESY spectroscopy. The presence of cross-peaks due to dipole-dipole interaction of the protons of the methyl group of the ester moiety with protons of 1-amidoanthraquinone fragment, as well as crosspeaks between the aromatic protons of the macrocycle, and cross-peaks between oxymethylene protons of different substituents in 2D NMR NOESY spectrum of compound 2 (Figure 2) confirms that macrocycle 2 is in a cone conformation.
It should be noted that in the IR spectra of the obtained compounds 2-4 absorption band of valence vibrations of the amide group (ν, 3192 -3329 cm -1 ) appears but valence vibrations of hydroxyl groups are absent, indicating about complete substitution of the initial thiacalix [4] arene at the lower rim (Table 1) .
Thus, as a result of the conducted researches the realization of the template effect of the alkali metal cation during the functionalization of diester of p-tertbutylthiacalix [4] arene by 2-bromo-N-(9',10'-dioxo-9',10'-dihydroanthracene-1'-yl)acetamide was shown. 
Study of Fluorescence Properties
The anthraquinone fragments are well known as fluorophores capable of the excited state intramolecular proton transfer (ESIPT) (Figure 3, A) , [24] which makes them promising compounds for creation of different chemosensors based on them. The study of the electronic absorption spectra of the compounds obtained showed their similarity to those of the compounds in cone and 1,3-alternate conformations, but significant difference from those in partial cone conformation (Figure 4) . The spectra of all the compounds have a low intensity band at longer wavelengths related to the n→π* transition of the anthraquinone fragment (410 nm for the compounds 2 and 4 and 370 nm for the compound 3).
The study of fluorescent properties of the compounds obtained showed that they have a marked green fluorescence (540 -555 nm emission maxima) ( Figure 5 ). The large Stokes shift reaching about 185 nm for the compound 3 in partial cone conformation is typical for all the compounds. Moreover, there are significant differences in the intensity and the form of their emission spectra. Thus, the most Tetrasubstituted at the Lower Rim Thiacalix [4] arenes with (Ethoxycarbonyl)methoxy and Amidoanthraquinone Fragments intense fluorescence has a compound 4 in 1,3-alternate conformation.
The compound 2 in a cone conformation has a similar spectrum, but it is significantly inferior in emission intensity (1.5-fold). The spectrum of the compound 3 in a partial cone conformation one can see not only loses in two previous emission intensities (540,000 cps), but also different from them in the form (the absence of emission band in the "blue" region of 490 nm). As is well known, during ESIPT a shift of the emission band to longer wavelengths (red shift) is observed. [7] We have previously shown [11] that the introduction of proton-acceptor diethylamide groups leads to a significant increase in emission of spectra of a similar compounds as a result of ESIPT blockage.
As in compounds cone-2 and 1,3-alternate-4 fluorophore fragments located on the one side of the macrocyclic platform, they are capable of forming intramolecular excimers. [25] As a result the probability of ESIPT realization reduced (Figure 3) . Therefore the emission band in the blue region (490 nm) is appeared. In cone conformation of compound 2 on the one side of the macrocyclic platform both 1-amidoanthraquinone and (ethoxycarbonyl)methoxy fragments are situated. This ester fragment competes with carbonyl group of quinone fragment in formation of hydrogen bonds with amide proton resulted in decreasing of the probability of excimers formation (Figure 3, B) . As a result, a decrease in the emission intensity of the emission spectrum of compound 2 in cone conformation, as compared with compound 4 in 1,3-alternate conformation because in this conformation intramolecular excimer formation nothing prevents (Figure 3, C) .
The partial cone conformation does not allow formation of intramolecular excimer complex, resulting in the possibility of ESIPT remains high, so that there is practically Tetrasubstituted at the Lower Rim Thiacalix [4] arenes with (Ethoxycarbonyl)methoxy and Amidoanthraquinone Fragments no emission band in the shortwave region. The maximum emission of this conformer is most strongly bathochromic shifted (555 nm).
Conclusion
New tetrasubstituted at the lower rim thiacalix [4] arenes containing both 1-amidoanthraquinone and (ethoxycarbonyl)methoxy fragments in three conformations cone, partial cone and 1,3-alternate were synthesized. The structure of the compounds obtained was established by 1 H NMR, 13 C, IR spectroscopy, mass spectrometry (MALDI-TOF), and the composition was confirmed by elemental analysis. The fluorescent properties of the obtained compounds were studied. It was shown that depending of macrocyclic conformation the intensity and form of emission spectra are different.
